Across the visual field, progressive differences exist in neural processing as well as perceptual abilities. Expansion of stimulus scale across eccentricity compensates for some basic visual capacities, but not for high-order functions. It was hypothesized that as with many higher-order functions, perceptual grouping ability should decline across eccentricity. To test this prediction, psychophysical measurements of grouping were made across eccentricity. Participants indicated the dominant grouping of dot grids in which grouping was based upon luminance, motion, orientation, or proximity. Across trials, the organization of stimuli was systematically decreased until perceived grouping became ambiguous. For all stimulus features, grouping ability remained relatively stable until 40°, beyond which thresholds significantly elevated. The pattern of change across eccentricity varied across stimulus feature, in which stimulus scale, dot size, or stimulus size interacted with eccentricity effects. These results demonstrate that perceptual grouping of such stimuli is not reliant upon foveal viewing, and suggest that selection of dominant grouping patterns from ambiguous displays operates similarly across much of the visual field.
Introduction
Across retinal eccentricity, progressive changes occur in neural processing, including factors such as sampling density and cortical magnification. Perceptual abilities also vary across eccentricity, depending upon specific stimulus feature as well as level of processing. Progressive decline in perceptual abilities accompanies increased retinal eccentricity for both basic and higher-order visual function. Eccentric viewing produces elevated thresholds for acuity (Riggs, 1965) , stereopsis (Prince & Rogers, 1998) , critical flicker fusion (Brown, 1965) , movement detection (Graham, 1965) , orientation discrimination (Sally & Gurnsey, 2003 , 2004 , lateral (flanker) stimulus facilitation (Giorgi et al., 2004; Shani & Sagi, 2005) and letter recognition (Melmoth & Rovamo, 2003; Williams, 1984) . Moving patterns that are easily separated with foveal viewing are aggregated into a single pattern in the periphery (De Bruyn, 1997) . Similarly, performance declines with increased eccentricity for higher-order functions, including word recognition (Lee, Legge, & Ortiz, 2003) , biological motion identification (Ikeda, Blake, & Watanabe, 2005) , facial recognition (Mäkelä et al., 2001) , and object detection in natural scenes (Thorpe et al., 2001 ).
Perceptual differences across eccentricity are associated with differences in post-receptor mechanisms (Anderson, Mullen, & Hess, 1991) and cortical magnification of the central visual field. Consistent with these relationships, for some basic visual functions, performance with eccentric viewing is made equivalent to foveal viewing by increasing stimulus scale. Adjusting scale in accordance with cortical magnification factors improves performance for measures of acuity (Virsu, Näsänen, & Osmoviita, 1987) , motion coherence (van de Grind, van Doorn, & Koenderink, 1983) , and letter recognition (Higgins, Arditi, & Knoblauch, 1996) . However, increased stimulus scale does not equate foveal and eccentric viewing for stereopsis (Prince & Rogers, 1998) , word recognition (Lee, Legge, & Ortiz, 2003) , contour integration (Hess & Dakin, 1997) , biological motion (Ikeda, Blake, & Watanabe, 2005) , or facial recognition (Mäkelä et al., 2001) . In this regard, processing such stimuli require foveal viewing for optimal performance, regardless of scale adjustments.
Less is known about the effect of eccentricity on perceptual grouping. Perceptual grouping enables observers to resolve elements of a complex scene into a series of unified forms (for a recent review: Wagemans et al., 2012) . Perceptual grouping occurs at an intermediate level of visual processing, preceded by the reception and encoding of basic stimulus features, and followed by more high-order processing. Perceptual grouping is a robust and dynamic process mediated by multiple interacting processes. In http://dx.doi.org/10.1016/j.visres.2014.08.011 0042-6989/Ó 2014 Elsevier Ltd. All rights reserved. this regard, perceptual grouping is guided by both stimulus metrics as well as top-down factors (Beck & Palmer, 2002; Kimchi et al., 2002; Palmer, Brooks, & Nelson, 2003) .
Contour integration is reported to progressively decline with eccentricity (Hess & Dakin, 1997 , 1999 Nugent et al., 2003) . Detection of adjacent Gabor patches oriented along a path and positioned in a field of randomly oriented elements was reduced for stimuli presented peripherally. Dakin (1997, 1999) further reported that for paths composed of alternating phase elements, path detection dropped to chance level at 20°eccentric-ity, although these results were not replicated by Nugent et al. (2003) . In contrast, shape discrimination based upon Gabor patches that formed completed figures (e.g., full circles) remained relatively unchanged up to an eccentricity of 35° (Kuai & Yu, 2006) .
Properties of grouping across eccentricity have been examined with apparent motion (Alais & Lorenceau, 2002) . Measurements were made with Ternus displays, in which Gabor patches or Gaussian blobs were perceived as either moving together, or as jumping across outer positions. For these stimuli, perceived group motion decreased with eccentricity, tested to 12°. In contrast to orientation-dependent grouping and apparent motion, Bleumers et al. (2008) found that grouping by proximity either remained the same, or became stronger with increased eccentricity. For each of these stimulus domains, eccentricity effects on grouping have generally been modeled in terms of differences in lateral integration across eccentricity, for which resolution declines with peripheral viewing.
In order to explore whether grouping processes for eccentric viewing operate similarly across basic stimulus feature domains, effects were examined here for grouping based upon similarity in luminance, motion, and orientation, as well as spatial proximity. It was hypothesized that because processing density for basic stimulus components is reduced across eccentricity, perceptual grouping should decline similarly. In addition, because grouping occurs at a level of processing more advanced than initial representations of basic stimulus features, it was hypothesized that scalar increases will not significantly improve performance across eccentricity. In order to test these predictions, psychophysical measurements were made of perceived grouping of dot patterns across eccentricity. In order to investigate stimulus metrics associated with changes in performance across eccentricity, grouping thresholds were compared across stimulus scale, size of individual stimulus elements, and total size of stimulus arrays.
Subjects reported the perceived grouping of an array of spatially isolated stimulus elements. In three of the conditions, local element density was equivalent along the vertical and horizontal orientation and grouping was based upon similarity in either luminance, motion direction, or Gabor patch orientation. In a fourth condition, grouping was based upon relative proximity. High levels of similarity, or greater relative proximity, provide robust cues for grouping, and perceived grouping reliably occurs among the common, or more proximal, elements. Across trials, element type was progressively interchanged, or the relative proximity reduced, thereby reducing the strength of the grouping cue. With reduced cue strength, perceived grouping became less stable, and the alternate grouping pattern competed with that possessing the stronger cue. The level at which the prevailing stimulus organization no longer reliably produced grouping served as an index of grouping capacity. Elevation of this index thereby reflects a decreased capacity to identify global regularities in disordered patterns. This index is found to be elevated in certain subject populations, including aged individuals (Kurylo, 2006) , or those diagnosed with Alzheimer's disease (Kurylo, 2004; Kurylo et al., 2003) , acquired brain injury (Kurylo, Waxman, & Kesin, 2006) , or schizophrenia (Kurylo et al., 2007) . As such, these subject populations require a greater level of stimulus organization in order to reliably perceive grouping of the pattern containing the greater cue strength.
The index of grouping used here reflects the predominant organization of a patch of elements. These stimuli represent a type of competitive grouping array, in which specific elements may belong to one of multiple grouping patterns. The perceived grouping pattern is based upon the cumulative associations among elements, representing the global organization across the array. Such multistable arrays produce a globally coherent organization (Claessens & Wagemans, 2005) . With similar stimuli as those used here, measures of relative attractive force among elements have been derived from probabilities of perceived grouping, including grouping produced by proximity ( (Kubovy, Holcombe, & Wagemans, 1998; Kubovy & Wagemans, 1995) , as well as by the concurrent presentation of proximity and Gabor patch alignment (Claessens & Wagemans, 2005) , or proximity and similarity (Kubovy & van den Berg, 2008) , which act as either competitive or cooperative cues for grouping. The current study does not serve to investigate characteristics of grouping per se, or to investigate principles of contour integration or texture segmentation, but instead serves to examine change that may occur in grouping capacities across eccentricity. As such, an elevation in the grouping index used here would indicate decreased capacity to perceive grouped patterns within the stimulus array.
Methods

Subjects
Four subjects, experienced with the procedures, participated in the study. Subjects demonstrated a 14'' visual acuity of 20/20 (Snellen), either uncorrected or corrected with contact lenses.
This research was conducted in accordance with APA standards for ethical treatment of subjects and with the approval of the Institutional Review Board for Human Research of Brooklyn College. This research is in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans.
Stimuli
Stimuli were presented on a computer monitor (Trinitron CPD 4401) set to 1024 Â 768 pixel resolution at a refresh rate of 85 Hz. Luminance was linearized with software adjustment. Stimuli were generated by customized computer software (Bukhari & Kurylo, 2008) . Four sets of stimuli were presented in which perceptual grouping was based upon similarity in luminance, motion, and orientation, and on proximity.
Similarity in luminance
For the luminance condition, stimuli consisted of a 20 Â 20 array of square elements. Stimulus elements were presented at two luminance levels (3.9 and 29.5 cd/m 2 , Michelson contrast = 0.77) on a gray background (16.5 cd/m 2 ). As such, similarity in luminance could correspond to a similarity in contrast. Stimulus organization was established by similarity in luminance along either columns or rows (Fig. 1A ).
Similarity in motion
For the motion condition, stimuli consisted of a 20 Â 20 array of square elements. The luminance of stimulus elements was 29.5 cd/ m 2 , presented on a gray background of 16.5 cd/m 2 . Stimuli consisted of five consecutive frames, producing motion for 235 ms, at a rate of 4 deg/s. The direction of displacement was selected from four possibilities (each a 45°path, either -, %, ., or &). Each stimulus contained two of the four possible motion directions, selected randomly on each trial. Stimulus organization was established by similarity in motion direction along either columns or rows (Fig. 1B) .
Similarity in orientation
For the orientation condition, stimuli consisted of a 10 Â 10 array of Gabor elements, which modulated from 29.5 to 3.9 cd/ m 2 . Combinations of spatial frequency (3.5, 2.7, or 2.2 cycles/deg) and center-to-center separation (0.47°, 0.72°, and 0.96°) were presented across conditions. In each case, approximately 2.5 periods were visible. Elements were oriented either vertically or horizontally. Stimulus organization was established by collinearity along alternating rows or columns (Fig. 1C ).
Proximity
For the proximity condition, stimuli consisted of an array of square elements (29.5 cd/m 2 on a background of 16.5 cd/m 2 ). Stimulus organization was established by greater proximity among elements along either columns or rows (Fig. 1D ).
Stimulus metrics
In order to explore the association between eccentricity and specific stimulus metrics, measurements were made at three element sizes (0.10°, 0.15°and 0.20°) and three stimulus sizes (3.90°, 5.85°and 7.80°) (Fig. 2) . These measurements were performed in order to determine if eccentricity effects on grouping are specific to lateral separation of element borders, or if effects are relative to element centers, which serve as an anchoring point of element positions. Three combinations of element and stimulus size produced overlapping elements, and therefore could not be tested. Of the combinations tested, separate comparisons were made across stimulus scale, element size, and stimulus size. Levels of stimulus scale maintained an equal ratio of element separation and size. Scale adjustments were not intended to parallel cortical magnification factors, because for the extreme eccentricities tested here, strict coherence to cortical magnification would produce excessively large stimulus arrays. Therefore scalar adjustments correspond to relative ratios of stimulus size and separation, and not full cortical magnification. For element size comparisons, the total size of the stimulus was held constant. For stimulus size comparisons, element size was held constant.
Stimulus organization
Across trials, stimuli varied in level of organization. For the luminance, motion, and orientation conditions (grouping by similarity), the level of stimulus organization was based upon the percentage of common elements along the organized orientation (Fig. 3A) . Stimulus organization ranged from 100% to 50%, in increments of 2%. In this regard, the 100% stimuli were highly organized, while the 80% stimuli were more ambiguous. The 50% stimuli possessed no intrinsic organization.
For the proximity condition, stimulus metrics are described in accordance with Kubovy (1994) . Stimuli consisted of rectangular dot lattices in which elements were separated by distances a and b (Fig. 3B) . In all cases, b represented the greater separation and was held constant. Across trials, a varied in increments of 16.7%. Relative proximity is described as b/a, which ranged from 3.0 (solid line) to 1.0 (equal proximity).
Eccentricity
Measurements were made at five eccentricities, as measured to the centers of stimuli: 0°(foveal), 8°, 23°, 40°and 60°. Subjects viewed stimuli monocularly with the right eye. A chin rest stabilized head position. Viewing distance from the monitor to the corneal surface was constant across eccentricity. For foveal viewing, subjects fixated a point centered in the target stimulus. For eccentric viewing, subjects fixated points to the left of targets, thereby placing targets in the right visual hemi-field. Eccentricity was measured from the fixation point to the center of the stimulus grid.
The order of stimulus condition was selected randomly for each subject. For each stimulus condition (representing a selected feature, metric, and eccentricity), grouping threshold was obtain from one block of trials. In this regard, stimuli appeared at the same location throughout the trial block, which ensured predictability of its position. In addition, the clearly visible fixation point was visible at all times, thereby stabilizing eye position throughout presentation of test stimuli. With this procedure, it is highly unlikely that factors such as attention or deviations of eye position produced systematic changes in performance across stimulus conditions.
Grouping thresholds
Grouping threshold represents the level of stimulus organization at which perceived grouping became ambiguous. Subjects fixated a point for 494 ms, after which the target appeared for 247 ms. Stimulus duration was linked to the display's vertical synchronization signal. The fixation point remained present during stimulus presentation. Following stimulus presentation, subjects indicated with keyboard input whether the stimulus appeared to be perceptually grouped as a set of vertical or horizontal lines. Of course other possible grouping patterns exist, including oblique or periodic patterns, however the psychophysical procedure used here constrained selected patterns to be either vertical or horizontal.
The next trial began automatically 1 s after subjects' response. No feedback to responses was provided.
Grouping thresholds were determined by a descending staircase procedure. For the Luminance, Motion, and Proximity conditions, stimulus organization was set to 100% at the beginning of a series. Stimulus organization decreased after two consecutive correct responses, and increased after a single incorrect response, thereby converging on a level at which subjects select the organized orientation with a long-run probability of 71% (Levitt, 1971) . Thresholds were determined in a similar manner for the Proximity condition, in which the relative separation (b/a) began at 3.0. Thresholds were based upon the mean of eight reversals from two descending series.
Eye tracking control condition
A control condition was performed on a subset of stimulus parameters in order to rule out possible eye position deviations as a confounding factor on test measures. Three subjects fixated a central target on a computer monitor while eye position was recorded (Applied Sciences Laboratories (ASL, Inc. Bedford, MA) Model R6 remote eye tracking system; sampling rate of 60 Hz). Stimuli were presented on a separate monitor at 23°and 40°e ccentric to the fixation point. Each of the four feature types (luminance, motion, orientation, and proximity) were tested, using the intermediate scale parameters (element size of 0.15°, border separation 0.15°).
Results
For each stimulus feature, performance remained relatively stable until approximately 40°, beyond which thresholds elevated. The pattern of change across eccentricity varied across stimulus feature, in which stimulus scale, dot size, or stimulus size interacted with eccentricity effects. Performance across eccentricities as well as interactive effects are summarized in Fig. 4. 
Luminance
Scale
For the Luminance condition, repeated measures analysis of variance (ANOVA) indicated a significant main effect of eccentricity (F(4, 12) = 34.76; p < 0.01), a main effect of stimulus scale (F(2, 6) = 10.10; p < 0.05), and an interaction of eccentricity by scale (F(8, 24) = 4.74; p < 0.01). In order to interpret the interaction, separate analyses were performed at each eccentricity, as well as at each stimulus scale. Examining each eccentricity separately, performance increased across scale at 60°(HSD = 5.29; p < 0.05). Examining eccentricity effects at each scale separately, for small and medium scale, performance significantly declined at 60°( HSD = 15.64 and 9.16, respectively; p < 0.01). No eccentricity effect occurred for the large scale.
Dot size
ANOVA indicated a significant main effect of eccentricity (F(4, 12) = 9.72; p < 0.01) and an interaction of eccentricity by dot size (F(8, 24) = 3.50; p < 0.01), whereas the main effect of dot size was not significant. Examining each eccentricity separately, at 60°performance declined for the small dot size compared to the medium (HSD = 4.36; p < 0.05) and large size (HSD = 6.36; p < 0.01). Examining each size separately across eccentricity, Fig. 4 . Mean grouping thresholds as a function of eccentricity for each condition. Columns depict each stimulus feature, and rows depict each stimulus metric. ''Small,'' ''Medium,'' and ''Large'' refer to relative size of stimulus metric, as described in Fig. 2 . Significant eccentricity effects and significant eccentricity by metric interactions are depicted by and ⁄ , respectively.
performance declined at 60°for the small (HSD = 10.29; p < 0.01) and medium sizes (HSD = 9.13; p < 0.05).
Stimulus size
ANOVA indicated significant main effects of eccentricity (F(4, 12) = 25.42; p < 0.01) and stimulus size (F(2, 6) = 8.36; p < 0.05), as well as an interaction of eccentricity by stimulus size (F(8, 24) = 3.90; p < 0.01). Examining each eccentricity, performance for the small stimulus size significantly differed from large at 60°(HSD = 8.45; p < 0.01). Examining each size separately, thresholds selectively elevated for small, medium and large stimulus size at 60°(HSD = 15.64, 11.82, and 10.288, respectively; p < 0.01).
Motion
Scale
For the Motion condition, ANOVA indicated a main effect of eccentricity (F(4, 12) = 29.03; p < 0.01), whereas the main effect of scale and the interaction of eccentricity by scale were not significant. Follow-up analysis of eccentricity indicated that thresholds elevated at 60°, compared to all other eccentricities (HSD = 16.01; p < 0.01).
Dot size
ANOVA indicated a significant main effect of eccentricity (F(4, 12) = 10.39; p < 0.01), a borderline main effect of dot size (F(2, 6) = 4.29; p = 0.07), and an interaction of eccentricity by dot size (F(8, 24) = 3.72; p < 0.01). A trend existed for improved performance for large size, where the separation among elements was reduced. Follow-up analysis indicated that small dot size differed significantly from large size at 23°(HSD = 7.6; p < 0.05). Examining each size separately across eccentricity, for the small dot size, performance at 0°differed significantly from that at 40°and 60°, and performance at 8°differed significantly from that at 60°( HSD = 13.33; p < 0.05). For medium size, performance at 0°d iffered significantly from that at 40°and 60°(HSD = 11.83; p < 0.05). For large size, performance at 0°differed significantly from that at 60°(HSD = 14.96; p < 0.05).
Stimulus size
ANOVA indicated a main effect of eccentricity (F(4, 12) = 19.25; p < 0.01), whereas the main effect of stimulus size and the interaction of eccentricity by stimulus size were not significant. Across eccentricity, a trend existed for superior performance with smaller stimulus size, where separation among elements was reduced. Follow-up analysis of eccentricity indicated that thresholds at 60°differed significantly from all other eccentricities (HSD = 16.4; p < 0.01).
Orientation
Scale
For the Orientation condition, ANOVA indicated a main effect of eccentricity (F(4, 12) = 18.91; p < 0.01), whereas the main effect of scale and the interaction of eccentricity by scale were not significant. Follow-up analysis of eccentricity indicated that thresholds elevated at 60°, compared to all other eccentricities (HSD = 9.78; p < 0.01).
Dot size
ANOVA indicated a main effect of eccentricity (F(4, 12) = 17.85; p < 0.01), whereas the main effect of dot size and the interaction of eccentricity by dot size were not significant. Follow-up analysis of eccentricity indicated that thresholds elevated at 60°, compared to all other eccentricities (HSD = 13.76; p < 0.01).
Stimulus size
ANOVA indicated a main effect of eccentricity (F(4, 12) = 14.07; p < 0.01), whereas the main effect of stimulus size and the interaction of eccentricity by stimulus size were not significant. Follow-up analysis of eccentricity indicated that thresholds at 60°differed significantly from all other eccentricities (HSD = 14.16; p < 0.01).
Proximity
Scale
For the Proximity condition, ANOVA indicated a main effect of eccentricity (F(4, 12) = 13.29; p < 0.01), whereas the main effect of scale and the interaction of eccentricity by scale were not significant. Follow-up analysis of eccentricity indicated that thresholds elevated at 60°, compared to all other eccentricities (HSD = 4.55; p < 0.01).
Dot size
ANOVA indicated a main effect of eccentricity (F(4, 12) = 27.36; p < 0.01), whereas the main effect of dot size and the interaction of eccentricity by dot size were not significant. Follow-up analysis of eccentricity indicated that thresholds elevated at 60°, compared to all other eccentricities (HSD = 3.11; p < 0.01).
Stimulus size
ANOVA indicated a significant main effect of eccentricity (F(4, 12) = 23.29; p < 0.01), a borderline main effect of stimulus size (F(2, 6) = 4.86; p = 0.056), and an interaction of eccentricity by stimulus size (F(8, 24) = 2.64; p < 0.01). Follow-up analysis indicated that stimulus sizes did not differ significantly at any eccentricity. Examining each size separately, thresholds at 60°differed significantly from those at 0°, 8°, and 20°for small (HSD = 4.83; p < 0.05), medium (HSD = 4.826; p < 0.01), and large (HSD = 3.70; p < 0.01) stimulus sizes.
Eye position measures
Eye position records indicated relatively stable fixation on central targets throughout stimulus presentation, in which the maximum range of eye positions along horizontal or vertical axes recorded from all subjects was ±0.85°. Performance with eyetracking did not differ significantly from other measures, based upon separate t-test analyses for each stimulus feature. In addition, micro-saccadic eye movements are small relative to stimulus size, and therefore should not have affected results.
Discussion
The main finding is that perceptual grouping of ambiguous patterns remained relatively stable across eccentricity to approximately 40°, at which point thresholds elevated. Although differences did occur in the pattern of performance across stimulus features, the greatest elevation in threshold occurred at the farthest eccentricity tested. This pattern does not correspond to cortical magnification, in which threshold elevation is expected closer to central regions, or to the extent of the binocular field. Furthermore, according to the research on crowding, identification in the periphery is impeded by the presence of neighboring elements (see Strasburger, Rentschler, & Jüttner, 2011 ; for a review). Although our stimuli are not typical of the basic identification task commonly used to study crowding, contrary to our findings, crowding effects would be expected to hinder performance for all of the eccentricities outside of foveal viewing used here (Pelli, Palomares, & Majaj, 2004) .
Although direct comparisons of thresholds cannot be made across feature domains, particularly between the metric for proximity and the three feature similarity conditions, the pattern of performance across eccentricity suggests differences among conditions. Specifically, thresholds for motion and orientation cues elevate more progressively across eccentricity, whereas luminance and proximity cues remain relatively stable until the farthest eccentricity tested. In addition, interactions among eccentricity and stimulus scale, dot size, or stimulus size differ across grouping cue. The stimulus feature most affected by stimulus metrics was luminance, in which grouping was less efficient with reduced stimulus scale, element size or stimulus size. In contrast, grouping by Gabor patch orientation was unaffected by any of these metrics. Grouping by motion was selectively affected by element size, whereas grouping by proximity was selectively affected by stimulus size. Such differences may reflect variation in encoding properties that are specific to each of the stimulus features.
In addition to purely perceptual processes, grouping discrimination may have resulted from simple algorithms, such as estimations of similar elements along vertical and horizontal orientations. Although the relatively brief presentation times and relatively small stimulus size limit alternate strategies to perform the task, such possibilities cannot be ruled out.
Restricting grouping patterns along vertical and horizontal orientations within a square grid introduces effects of reference frame, which have been minimized in previous studies on grouping by measuring across rotated grids within a circular field (Kubovy, Holcombe, & Wagemans, 1998; Kubovy & Wagemans, 1995) . Examining a full range of grid rotations, differences exist across the orientation of grouped patterns, distinguishing patterns grouped along cardinal and oblique orientations (Claessens & Wagemans, 2008) . Limiting response choices to vertical and horizontal patterns allows comparisons across levels of eccentricity, but do not provide a full analysis of orientation effects.
Procedures used here for proximity cues correspond closely with those used by Bleumers et al. (2008) , in which observers selected grouping for ambiguous displays. For Bleumers et al. (2008) , grouping was tested to 20.5°to the center of stimuli, in which performance remained stable for smaller stimulus scale (below that tested here) or improved with larger scales (similar to those used here). Although improvement in performance was not found in the present study, performance on the Proximity condition between 0°and 40°may reflect a ceiling effect, in which distance ratios approached equality.
For grouping by proximity, Kubovy and colleagues have determined the Pure Distance Law, in which the perceived strength of grouping decreases with an exponential decay function across the relative distance among stimulus elements (Kubovy, Holcombe, & Wagemans, 1998; Kubovy & Wagemans, 1995) . Results presented here are consistent with this relationship up to 40°.
Stimuli used here possess varying percentages of common elements that were distributed across an array, and participants reported the predominant grouping for the entire display. Increased occurrence of a common stimulus feature optimizes neural responses to that feature. The cumulative activation within neurons by common stimulus components corresponds to a simple-filter model described for straight path contour integration in peripheral vision (Hess & Dakin, 1997) . For each of the stimulus types used here, the combined effects of common elements contribute to the perception of global characteristics across the array.
Perceptual processes for grouping are associated with the specific stimulus characteristics upon which grouping is based, and may be associated with selective effects of the metrics tested here. For the luminance condition, in addition to common luminance levels, contrast borders between adjacent strings of elements may contribute to grouping. In this regard, increased size of elements, and reduced separation of adjacent element borders, would enhance contrast, and thereby increase saliency of grouping patterns. Consistent with this effect, larger element size and reduced element separation enhanced grouping at far eccentric viewing. For moving elements, contour visibility of band-pass filtered patterns is improved by reduced spacing between elements (Bex, Simmers, & Dakin, 2003) . Consistent with this effect, measurements made here indicated an advantage of reduced element separation for grouping by motion direction at farther eccentricities.
Effects of lateral flankers on detection (Adini, Sagi, & Tsodyks, 1997; Polat & Sagi, 1993) and discrimination (Zenger-Landolt & Koch, 2001 ) of Gabor patches have revealed complex interactions among adjacent stimuli, in which performance enhancement and suppression depend on the relative metrics of test stimuli and flankers. In addition, flanker effects vary across eccentricity (Shani & Sagi, 2005; Zenger-Landolt & Koch, 2001) , with as little as 1°eccentricity. For stimuli used here, grids of 100 elements ranged from 3.9°to 7.8°, in which the nature of lateral interactions among adjacent elements may vary across the extent of the stimulus. These effects may be further explored by determining the range of integration among elements necessary to elicit a dominant grouping pattern. Specifically, controlling field size or minimum element number would better isolate interactions within a restricted spatial range.
Perceptual grouping performance based upon proximity or similarity declines with reduced allocation of attention on the grouping task (Ben-Av, Sagi, & Braun, 1992) . In addition, attention allocation may affect lateral interactions for foveal (Freeman, Sagi, & Driver, 2001 ) and eccentric stimuli (Shani & Sagi, 2005) . Because stimulus location and onset time were fixed within a block of trials used in the present study, attention resources are not likely to have varied systematically across eccentricity. In particular, the relative consistency in performance across the 0-40°eccentricities does not suggest variation in attention. Further investigation in which attention resources are specifically manipulated may be used to explore these effects.
For each condition tested here, grouping is based upon relatively simple processes that establish associations among basic stimulus features. In terms of Incremental Grouping Theory (Roelfsema, 2006; Roelfsema & Houtkamp, 2011) , grouping of stimuli used here occurs in an initial, basic phase, in which neurons encode stimulus features during an initial feedforward sweep of activity. In each case of similarity cue, (luminance, motion direction, orientation), associations form rapidly among neurons sharing response properties. Similarly, spatial relationships among elements are used to form associations, in which more proximal sites of activation produce stronger lateral interactions. In each case, the relatively brief presentation of grid patterns induce a rapid formation of grouping among basic characteristics of the stimuli.
Regardless of perceptual processes used to discriminate these patterns, performance was relatively stable across a broad region of the visual field. In addition, performance was similar across stimulus features. These results reflect the robustness of grouping processes when selecting the dominant pattern within ambiguous stimuli. Unlike high-order visual processing, fundamental organization of stimulus elements is not reliant upon foveal viewing. These results suggest that selection of grouping patterns for these types of stimuli may operate similarly across lateral eccentricities up to 40°.
